ABSTRACT
INTRODUCTION
ver the past three decades, most governments have been realizing the increasing importance of inflation expectations through their self-fulfilling effect on actual inflation, and hyperinflation where the expectations are left uncontrolled (Ueda, 2011) . Previous studies revealed that well anchored inflation expectations enable the monetary authorities to achieve other monetary policy objectives such as economic growth and price stability (Mboweni, 2003 and Ueda, 2011) . Given the importance of inflation expectations in influencing the monetary policies of nations, governments in both developed countries (for example New Zealand in 1990) and developing countries (for example South Africa in 2000) adopted the inflation targeting monetary policy framework. According to Mboweni, (2003) , inflation targeting provides an anchor for inflation expectations and price as well as wage setting, ultimately reducing the friction that arises from widely divergent inflation expectations. A plethora of recent empirical literature supports the implementation of inflation targeting as a monetary policy tool that anchors inflation expectations by households, (Mohanty, 2012) , inflation forecasting (Bernanke, 2007) as well as the public attitudes to inflation and interest rates (Driver and Windram , 2007) .
The success of a nation's monetary policy framework depends on how the inflation expectations were formed, that is, it is imperative to consider the antecedents of inflation expectations in a country, as they play a major role in the formation of inflation expectations. Previous literature has investigated the factors affecting realized inflation (Niyimbanira, 2013; Celik and Akgul, 2011) and less has been done on the factors affecting inflation expectations. For those studies that sought to explore the determinants of inflation expectations, the main focus was on developed nations such as Turkey (Celik and Akgul, 2011) , United States of America (Curtin, 2009 and Ueda, 2010) as well as Japan (Ueda, 2010) and rarely can one find such studies in the South African context. Empirical studies revealed the common determinants of inflation expectations to be changes in energy and food prices, oil price shocks, interest rates and exchange rates (see Nkomo, 2006 and Wakeford, 2006) .
Although previous studies have investigated the impact of oil shocks and crude oil price movements in South Africa, their focus was on the South African economy as a whole (Wakeford, 2006 and Chisadza, at al., 2013) and the macro economy (Nkomo, 2006) . For those that focused on inflation expectations, the focus was on the impact of inflation targeting on inflation expectations as well as the impact of inflation on inflation expectations (Kantor and Kavli, 2011) . Rarely can one find studies that investigated the effect of oil prices and real exchange rates on inflation expectations. Therefore, the main commission of this paper is to assess the relationship between oil Figure 1 shows that inflation expectations responded positively to the inflation targeting policy over the years. The year 2002 the inflation expectations were high and the official inflation target could not be reached. This was the case because the terrorist attack in the US on September 11, combined with massive depreciation of South African Rand put high pressure on CPIX inflation, which reached high levels in 2002 (Saunders, 2004) Figure 2 . From the second quarter of 2009 the crude oil prices have been gradually increasing followed by gradual but stable increase in the inflation expectations. The positive correlation between the two variables is due to the fact that oil is important in South Africa both as an input and energy, therefore, an increase in oil prices leads to people expecting an increase in actual inflation. To gain more insight on expected inflation in South Africa, Figure 3 gives a comparison of its trends and the nominal exchange rate for the period 2002 to 2013. The comparison of these two phenomena is because fluctuations in the exchange rate are an important antecedent of inflation expectations. (Marcus, 2013) . Generally, Figure 3 shows a positive relationship between exchange rates and inflation expectations.
LITERATURE REVIEW
The paper uses the variant of adaptive behaviour as well as the rational expectations as the theoretical foundations for inflation expectations. On one hand, the variant of adaptive behaviour is premised on the assumption that expectations are formed through the estimation and inference of the known past and current experience into the unknown future. People also use new commonly available information to speculate and make inferences into the future. For instance, if oil prices increase, people may use their past and current known experience together with the common knowledge on what happens when oil prices increase and may expect the overall inflation to rise. Nevertheless, people's inflation expectations may not change continuously, as such, they may peg their revisions regularly. According to Mohanty (2012) , the key feature of these changes of inflation expectation is that it is largely backward-looking. On the other hand, the rational expectations theory holds that if the economic agents form their inflation expectations after considering all the available and known information together with the reaction function of the monetary authority, their inflation expectation could be considered as rational (Mohanty, 2012) . Economists in practice, derive the inflation expectations value from the complex rational expectations models (Mohanty, 2012) . The next section provides an empirical literature review. 
Empirical Literature Review
A plethora of empirical literature exists on the impact of both oil prices and exchange rates on inflation expectations. Most of these were done on developed countries and include the works of Ueda (2010) as well as Segal (2011) Studies have also been conducted in emerging economies such as Turkey (see Celik and Akgul, 2011) In the South African context, available literature does not examine a combination of the variables explored in this study (Nkomo, 2006; Chisadza, et al., 2013 as well as Niyimbanira, 2013 . This section provides a review of literature related to the relationship between oil prices, exchange rates and inflation expectations. The section includes literature both South Africa and other countries (developed and less developed). Ueda (2010) employed the Vector Auto-Regression (VAR) model to examine the determinants of inflation expectations in Japan and the United States of America. The study used survey data on households' inflation expectations for Japan and the US, and found that inflation expectations adjust more quickly than actual inflation to the changes in exogenous prices and to monetary policy shocks. It was also revealed in the study that when compared with Japan, the effects of the exogenous prices on inflation and inflation expectations were large and long termed in the United States of America, and also that the shocks to expectations had self-fulfilling effects on inflation.
Segal (2011) followed a literature analysis methodology to investigate the impact of oil price shocks on the macro economy. The paper sought to explain why the rise in oil prices up to 2008 had little impact on the world economy. The study revealed that high oil prices have never been as important as they are popularly thought to be. In addition, the findings of this study showed that high oil prices have not reduced growth in recent years because they no longer pass through to the core inflation. As a result there was no evidence of monetary tightening previously seen in response to high oil prices. The study also revealed that oil prices had little impact on the global recession of 2008 -2009 . Celik and Akgul (2011 examined the relationship between the consumer price index (CPI) and the fuel oil price index in Turkey, using the Vector Error Correction Model (VECM). The study used the time interval monthly data of the period 2005-2010. The findings of the study revealed that a 1% increase in fuel oil prices caused the CPI to rise by 1.26% with an approximate one year lag. More so, the changes in fuel oil prices were found to be the one way Granger cause for changes in the CPI.
In South Africa, Chisadza, et al. (2013) investigated the impact of oil supply and demand shocks on the South African economy, using a sign restriction-based structural Vector Auto-Regressive (VAR) model. Their findings revealed that an oil supply shock has a short-lived significant impact only on the inflation rate, while the impact on other variables was statistically insignificant. More so, their study reported a negative reaction to oil specific demand shocks of inflation rate and real exchange rate. The study also revealed that unanticipated changes in oil prices resulting from speculations have a positive impact on output.
Nkomo (2006) conducted a study on crude oil price movements and their impact on South Africa. Using a history and literature analysis method, the study concluded that South Africa has been shielded from much of the negative impacts of crude oil price increases because of its strong US Dollar/Rand exchange rate, though vulnerable to external sources of oil supply and to increases in international oil prices. The study also concluded that the immediate impact of high crude oil prices is on economic growth and development of the oil consuming country. Niyimbanira (2013) used the Johansen-Juselius co-integration method to investigate the relationship between oil price and inflation in South Africa. The study employed to test the long run relationship between oil prices and inflation. Results from the study revealed a co-integration relationship between oil prices and inflation in South Africa. In addition, a unidirectional causality running form the oil prices to inflation was also revealed.
Odria, Castillo and Rodriguez (2012) used a time varying vector auto-regressive (VAR) model to investigate whether the exchange rate pass-through into prices changed when inflation targeting scheme was adopted in Peru. The findings of the study revealed that the decision to adopt inflation targeting significantly
The empirical literature reviewed revealed that oil prices and exchange rates have a significant impact on inflation expectations across the world. The other possible drivers on the inflation expectations common in previous studies are interest rates and food prices. The next section presents the model, results and analysis.
DATA AND METHODOLOGY
This study employs monthly time series data covering the period July 2002 to March 2013. Data for all the variables were obtained from the electronic database of the South African Reserve Bank (SARB).
Empirical Model Specification
To examine the impact of oil prices and exchange rates on inflation expectations in South Africa, this study uses the cointegration method as used by Niyimbanira (2013) who investigated the relationship between oil prices and inflation in South Africa. The study modified Niyimbanira's model to examine the impact of oil prices and exchange rates on inflation expectations. Other relevant explanatory variables are also included and the model used will be of the form: 
Estimation Techniques
The econometric model used to estimate the impact of oil prices and exchange rates on inflation expectations in this study proceeds in two steps. Firstly, the co-integration of inflation expectations, oil prices and exchange rates are examined by testing for stationarity in these series. If the series are integrated of the same order, it suggests that a co-integrating vector can be found and the variable is stationary. Secondly, the co-integration residual is used as an error correction term leading to the estimation of both the short run effects and the speed of adjustment. Subsequent to the two steps are diagnostic checks which will be performed to test for heteroskedasticity, autocorrelation and normality. Impulse response analysis and variance decomposition will also be performed.
The Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests were used to examine the statistical and time series properties of the data. Testing for stationarity is essential because if non-stationary variables are employed in a regression, then the standard assumptions for asymptotic analysis will not be valid. This implies that the usual t-ratios will not follow a t-distribution and the F-statistic will not follow an F-distribution. Therefore, unit root tests should be done on all the series used before estimating the parameters and testing for cointegration so as to avoid spurious and or nonsense regression. The adopted ADF is given by the equation:
The ADF (Dickey and Fuller, 1981) The Phillips-Perron (PP) test is a more robust unit root test that may be applied together with a DF-style test. This is because DF-style tests are commonly criticised for having low power (Gujarati, 2003) , and tend to accept the null hypothesis of unit root more frequently than is warranted (Baum, 2001) . The test regression for the PP test is given as:
The PP test corrects for high order serial correlation by adding lagged differenced terms on the right-hand side. It makes a correction to the t-statistic of the coefficient from the regression to account for the serial correlation in the error term. The PP test statistics can be viewed as DF statistics that have been made robust to serial correlation by using the Newey-West (1987) heteroskedasticity-and autocorrelation-consistent covariance matrix estimator.
After establishing the order of integration, the study proceeds to determine the existence of a long-term relationship between the investigated variables. To perform this, the study uses the Johansen cointegration technique which produces two statistics, these are, the likelihood ratio test based on maximal eigenvalue of the stochastic matrix and the test based on trace of the stochastic matrix. These two statistics are then used to determine the number of cointegrating vectors. The test is based around an examination of the π matrix which can be interpreted as a long-run coefficient matrix. The test for cointegration between the variables is calculated by looking at the rank of the π matrix via its eigenvalues. The value π is defined as a product of two matrices:
The matrix β gives the cointegrating vectors, while α gives the amount of each cointegrating vector entering each equation of the vector error correction model which is also called the adjustment parameter. Under the maximum eigenvalue ( test, the null hypothesis that rank (Π) = is tested against the hypothesis that the rank is +1. The null hypothesis demonstrates that there is cointegrating vectors and that there are up to cointegrating relationships, while the alternative suggests that there is ( +1) vectors.
The test statistics are based on the eigen-values obtained from the estimation procedure. This involves ordering the largest eigenvalues in descending order and considering whether they are significantly different zero. The rank of Π is zero if the variables are not cointegrated, thus all the characteristic roots will be equal to zero. To test for the numbers of the eigen-values that are significantly different from zero, the following statistic is used in the maximum eigenvalue: (1.5) The second method is the trace statistic, which is based on a likelihood ratio test about the trace of the matrix. This statistic considers whether the trace is increased by adding more eigenvalues beyond the r th eigenvalue. The number of cointegrating vectors in this case will be less than or equal to . Just like under the maximum eigenvalue, in the event that , the trace statistic will be equal to zero as well. Separately, the closer the eigenvalue are to a unit the more negative is the ln (1-term and therefore, the larger the trace statistic. In this case, the trace statistic is calculated by:
Determining the presence of cointegration is a procedure which involves working downwards and stopping at the value of associated with a test statistic that exceeds the displayed critical value. The Eviews econometrics software provides critical values for both the maximum eigenvalue and trace statistic.
After the number of cointegrating vectors is established, the study proceeds with the estimation of the vector error correction model (VECM). This applies the maximum likelihood estimation of VAR to simultaneously determine the long-run and short-run determinants of the expected inflation. The approach considers the short-term adjustments of the variables as well as the speed of adjustment of the coefficients. The VECM specification is of the form:
where is the 7×1 vector, are all integrated of order 0, is a7×7 coefficient matrix and is an error term normally and independently distributed.
Once the short and long run impact of oil prices and the exchange rates on expected inflation are established, the study proceeds to perform diagnostic checks. These checks are crucial because they validate the parameter estimation outcomes achieved by the estimated model. Diagnostic checks performed in this study test for the stochastic properties of the model such as heteroskedasticity (White test), autocorrelation (Lagrange Multiplier) and normality (Jarque-Bera). The study also tests for stability in the model using the Ramsey RESET and the CUSUM tests. To trace the responsiveness of expected inflation to shocks in oil prices as well as the exchange rate; and to measure the proportion of forecast error variance in expected inflation that is explained by innovations in itself and the other variables, this study will respectively perform an impulse response analysis and variance decomposition.
EMPIRICAL RESULTS
The first commission in our econometric analysis was to test for stationarity (unit root) in the time series properties of our data. Unit root tests were performed using the Augmented Dickey-Fuller (ADF) and the PhillipsPeron (PP) tests. Results obtained from the tests in levels and when the data were first differenced are respectively given in Tables 1 and 2 . As shown in Tables 1 and 2 , unit root test results from both ADF and PP indicate that the variables are mostly not stationery in level series and are all stationary when first differenced. Since the series are stationary after being first differenced, this means that the variables are integrated of the first order, I(1), thereby satisfying the requirement for the Johansen and Juselius (1990) cointegration test which can only be adopted if the observed variables are I(1).
The other precondition for the Johansen and Juselius (1990) cointegration test is to determine the lag length which is econometrically determined using different information criterions. In this study, one lag in differences (two lags in levels) is used when testing for cointegration. Results from the Johansen and Juselius cointegration test are shown in Table 3 . The results indicate that at least three cointegrating equations exist at 5 per cent significance level using the trace test while at least two equations are reflected to exist in the maximum eigenvalue test. This implies that there is a long run relationship between expected inflation and its selected determinants. The null hypothesis of no cointegrating vectors is rejected since the trace statistics and the max-eigen statistics of the indicated number of cointegrating equations in both the rank and max-eigen tests are greater than the critical values at 5 per cent significance level.
Subsequent to establishing the presence of cointegration, this study examined the short-term behaviour of the variables. The study uses the Vector Error Correction Model (VECM) to disaggregate the short run and long run effects of crude oil prices (OIL), exchange rates (EXCH), interest rates (INTREST) and the cost of food (FOOD) on inflation expectations (EXPECT) in South Africa. VECM results showing the long run relationships between EXPECT and its selected determinants are presented in Table 4 . Cointegration results from Table 4 can be substituted in equation 1.1 to explain the relationship between expected inflation and its selected explanatory variables. Equation 1.1 will thus be transformed into:
The impact of the selected explanatory variables on inflation expectations (EXPECT) in South Africa yielded statistically significant results as shown in Equation 1.8. The equation revealed a positive relationship between EXPECT and crude oil prices (OIL), that is, a unit increase in OIL leads to a 0.618 increase in expected inflation. This result is compatible with theory and the actual events in the case of South Africa. The country's economy is heavily dependent on imported fuel for production, transportation and other activities. A rise in the price of crude oil is likely to push prices in South Africa up. Equation 1.8 also reveals a positive relationship between the exchange rate (EXCH) and EXPECT. The relationship as shown by the results suggests that a unit increase in the exchange rate would lead to a 9.948 rise in expected inflation. Such a result makes economic sense as the depreciation of the South African rand (ZAR) would likely push up prices for domestic consumers of goods and services as they will compete with international consumers who would find South African goods relatively cheaper due to the weakening ZAR. Empirical results also revealed a negative relationship between the interest rate (INTREST) and EXPECT. It was suggested in Equation 1.8 that a unit increase in INTREST would lead to a 2.507 decrease in EXPECT. This is largely an acceptable result since high interest rates erode the purchasing power of households, possibly leading to a decrease in aggregate demand which may later translate in a fall in actual prices of commodities. Finally, empirical results as shown in Equation 1.8 also suggests a negative relationship between final consumption by households (FOOD) and EXPECT. The result proposes that a unit increase in FOOD would cause a 1.414 decrease in expected inflation. This empirical result is logical and compatible with the economic theory. High levels of household consumption can possibly motivate the production and supply of more goods and services in the South African economy which may eventually lead to relatively lower prices in the future.
Empirical results from the VECM also suggested evidence of short-term adjustment in the event of disequilibrium. The error correction results are shown in Results from Table 5 show a 0.0068 error correction term with a 2.555 statistical significance suggesting that the explanatory variables (OIL, EXCH, INTREST and FOOD) are both the short-and long-term Granger cause for EXPECT. Inflation expectations bear a slight burden of dispersed error correction of short term balance to achieve long term balance as little as 0.68 per cent within a year.
This study also tested for serial correlation (autocorrelation) in the estimated equation. Serial correlation arises when a variable has relationships with itself in a manner that the value of such a variable in past periods will have an effect on its future values. The Breusch-Godfrey Lagrange multiplier (LM) test was used to test for general, high-order, ARMA errors. The null hypothesis of the test is that there is no serial correlation in the residuals up to the specified order. An LM test may be used to test for higher order ARMA errors and is applicable whether there are lagged dependent variables or not and is recommended (in preference to the DW statistic) whenever there are concerns with the possibility that errors exhibit autocorrelation. Table 6 shows the Breusch-Godfrey Lagrange multiplier (LM) test results. The test for serial correlation produced an LM statistic of 57.47253 at 1 lag with a probability of 0.0002 hence the null hypothesis of no serial correlation cannot be rejected, that is, there is no serial correlation in the equation estimated in this study. Inferences from this study can therefore be relied on.
Subsequent to the autocorrelation test, the study tested for heteroskedasticity using the White test with no cross terms. White's (1980) test is a test of the null hypothesis of no heteroskedasticity against heteroskedasticity of unknown, general form. The presence of heteroskedasticity means the model has some misspecifications hence conclusive results cannot be derived from such a model. Table 7 presents this study's empirical results on heteroskedasticity. The White test for heteroskedasticity produced a CH-sq of 232.8565 at a probability of 0.0048 which suggests that the null hypothesis of no heteroskedasticity or no misspecification will thus not be rejected. Therefore, the model used in this study does not suffer from any misspecifications hence can be relied on.
Variance decomposition was also performed to determine the relative importance of shocks to each of the explanatory variables (OIL, EXCH, INTREST and FOOD) in explaining variations in inflation expectations in South Africa. Only the variance decomposition in inflation expectations and the relative importance of the explanatory variables in influencing its movements are discussed. The study also performed an impulse response analysis to trace the responsiveness of expected inflation to shocks in oil prices, exchange rates and the other selected explanatory variables. Impulse response analysis will show the sign, magnitude and persistence of real and nominal shocks to inflation expectations. A shock to a variable in a VAR does not only directly affect that variable, but is also transmitted to all other endogenous variables in the system through the dynamic structure of the VAR. For each variable from the equations separately, a unit or onetime shock is applied to the forecast error and the effects upon the VAR system over time are observed. This study uses the Cholesky orthogonalisation approach to impulse response analysis, which is a multivariate model extension of the Cholesky factorisation technique. Figure 4 presents the impulse response results. Figure 4 show the dynamic response of EXPECT to a one-period standard deviation shock to the innovations of the system and also indicate the directions and persistence of the response to each of the shocks over 10 consecutive periods. For the most part, the impulse response functions have the expected pattern and confirm the results from the short run relationship analysis. Shocks to all the variables are significant although they are not persistent. A one-period standard deviation shock to OIL and EXCH marginally appreciates EXPECT infinitely confirming the positive relationship between the variables as suggested in Equation 1.8. The impulse response results also suggested that a one period standard deviation shock to INTREST marginally appreciates EXPECT by about 3 per cent, but quickly levels off in the second period. Differently, a one period standard deviation shock to FOOD slightly appreciates EXPECT by about 1 per cent but quickly depreciates in the second period to about -3 per cent in the 10 th period. The depreciation in expected inflation as a response to a shock in FOOD confirms the negative relationship between the variables as shown in Equation 1.8.
CONCLUSION AND POLICY IMPLICATIONS
The vector autoregression model was used in this paper to assess the impact of crude oil prices and exchange rates on inflation expectations in South Africa. Monthly time-series data for the period July 2002 to March 2013, obtained from the electronic database of the South African Reserve Bank were used. The data were first examined for unit root using both the ADF and the PP tests and it was observed that the series were all stationary when first differenced, that is, they are integrated of the first order, I(1). The Johansen and Juselius (1990) cointegration test was adopted since variables were I(1). Upon establishing the existence of at least a cointegrating equation, the study used the Vector Error Correction Model (VECM) to disaggregate the short run and long run effects of crude oil prices (OIL), exchange rates (EXCH), interest rates (INTREST) and the cost of food (FOOD) on inflation expectations (EXPECT) in South Africa. The impact of the selected explanatory variables on EXPECT yielded statistically significant results suggesting that OIL and EXCH have a positive relationship with EXPECT while INTREST and FOOD inversely relate with EXPECT. These results are compatible with economic theory and the model used was fit, without any misspecifications because diagnostic checks were also performed in the study. Inferences from this study can therefore be relied on. Response of EXPECT to FOOD
Response to Cholesky One S.D. Innovations A stable and low inflation together with well-anchored inflation expectations are important to monetary authorities as they help in achieving monetary policy objectives such as economic growth and financial stability. Therefore, inflation expectations significantly influence actual inflation and, thus, the central bank's ability to achieve price stability. Since South Africa has no known oil deposits and depends on imports, a successful inflation targeting would therefore seem to require accurate predictions of the exchange rate. The repo rate instead of targeting only inflation can be used to also anchor the exchange rate since the exchange rate affects inflation expectations and ultimately actual inflation. An appreciating exchange rate can push inflation down thus helping curbing future inflation expectations.
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